The influence of age and sex on epidermal metabolism and histology was studied in mice (NMRI). Within a few weeks postpartum, thymidine triphosphate incorporation into DNA and amino acid incorporation into epidermal protein decreased. Differences between tail epidermis and other skin regions (back, abdomen, ear) were found. Sex dependent differences could not be demonstrated. A circadian rhythm of the studied epidermal metabolic processes was shown (artificial 12L: 12D light/dark cycle). Maximum incorporation of thymidine triphosphate and of amino acids was found at the end of the light period at 1800 h, while a minimum incorporation was demonstrated at the end of the dark period. Considering described biological variations, the I!'0use tail assay seems to be suited to study influences of drugs in epidermal metabolism and histology.
. Pharmacological effects are demonstrated in haired skin as well as in skin of hairless mice. While histological details of murine skin are well known (Militzer, 1982) ,data describing the normal physiological processes are scanty. Drugs for use in dermatology are frequently tested in the mouse tail assay (Spearman, 1964) . Histologically, the tail epidermis differs from that of other body regions (Wrench, 1981; Militzer, 1982) . The tail epidermis shows orthokeratotic and parakeratotic regions. In the orthokeratotic follicular area a granular layer is visible. However, interfollicular regions are without a stratum granulosum (Spearman, 1964) .
Various studies have shown that biochemical and histometric parameters are suitable to demonstrate effects of drugs on epidermal metabolism and histology. By means of such parameters, it is possible to characterize epidermal proliferation and differentiation (Lubach & Kietzmann, 1988a) . In addition to studies in the normal unstimulated epidermis, tests in mechanically or chemically irritated skin are suited to demonstrate drug effects on epidermal metabolism. Fukuyama et al. (1965) as well as Freinkel and Wier (1975) showed that in the epidermis of the newborn rat leucine is predominantly incorporated in basal epidermal layers, while histidine is incorporated mostly in upper layers (stratum granulosum). So changes of leucine and histidine incorporation into epidermal protein are suitable to demonstrate the influence on proliferation and differentiation of keratinocytes in vivo (Freinke1 & Wier, 1975; Lubach & Kietzmann, 1988a) .
To further characterize the mouse skin as a model for skin pharmacology, the study described here shows age and sex dependent variations of thymidine triphosphate incorporation into epidermal DNA and of amino acid incorporation into epidermal protein. Additionally, results of histometric measurements in different body regions are presented. Finally, the circadian rhythm of epidermal metabolism was studied.
Material and methods Animals Male and female mice (NMRI, Hagemann, Extertal, Germany), 1, 3 and 9 months old, were used. The animals (n = 6/group, 3 female or 1 male animal per cage) were kept in cages at a regulated temperature of 22°C (relative humidity 65%) with an artificial 12L: 12D light/dark cycle (light: 0600 h to 1800 h, dark: 1800 h to 0600 h). They were fed a standard diet (Diet 1324, Altromin, Lage/Lippe, Germany) ad libitum. Water was available ad libitum. Three day old mice also were used. These animals lived in their mothers' cages.
Chemicals
Sucrose, tris-(hydroxymethyl )-aminomethane, mercaptoethanol, KCI, MgCI 2 , 6 H20, tricWoroacetic acid, phenol reagent, NaHC0 3 , Digestin®, EDTA (Merck); ATP, GTP, pyruvate kinase, phosphoenolpyruvate, dA TP, dGTP, dCTP (Boehringer Mannheim); L-amino acid mixture (14C), L-(ring-2, side chain-3-3 H)-histidine, L-(4,5-3 H)-leucine, (methyPH)-dTTP (NEN); Lipoluma® (Baker).
Animal study Study 1(Age and sex dependence). 6 male and 6 female mice, 3 days, 1, 3 and 9 months old, were killed by cervical dislocation at 0900 h. Immediately, skin samples were taken from tail, back, abdomen and ear.
Study 2 (circadian rhythm). The circadian rhythm of the studied epidermal metabolic processes was measured in female mice (1 month old). Six animals were killed by cervical Kietzmann, Lubach & Heeren dislocation at 0600, 1000, 1400, 1800,2200 and 0200 h. Thereafter, skin specimens were sampled from the tail.
Processing of skin specimens
The skin specimens were incubated for 45 min in 1 mmol EDT A buffer solution (pH 7' 3) at 37°C (Harris et al., 1980) . Then the epidermis was separated from the remaining tissue. The epidermis obtained in this way was cooled at 4°C in 2 ml TKM buffer solution (0' 25 M sucrose, 50mM tris-HCI, 25 mM KCI, 5 mM MgCI 2 , pH 7, 6) and homogenized (Ultra Turrax).
Thymidine triphosphate incorporation into the DNA For determination of the rate of thymidine triphosphate incorporation into DNA, O' 15 ml reaction medium containing 1· 5 /Lmol KCI, O' 75 /Lmol MgCI2, O' 3 /Lmol mercaptoethanol, 1. 5 /Lmolphosphoenolpyruvate, 9/Lmol ATP as well as 0'2/Lmol of dATP, dGTP, dCTP and 3H-Iabelled dTTP was added to 0·25 ml homogenate adjusted to a protein content of O·25 mg/ ml with TKM buffer after centrifugation at 500 g (10 min) according to Lubach and Kietzmann (1988a) . The test mixture was incubated for 60 min at 37°C. Incubation was terminated by chilling and the addition of O' 5 ml of ice cold 1N perchloric acid. The acid insoluble radiqactivity was determined by a glass filter paper assay. The results were related to the DNA content of the homogenate, measured by the method of Glander and Luppa (1980) .
Incorporation rate of a 14C-amino acid mixture, 3H-histidine and 3H-Ieucine
After centrifugation at 10 000 g for 20 min, to O·25 ml of the supernatant O· 15 ml reaction medium was added, containing 1· 5 /Lmol KCI, 0'75/Lmol MgCI2, 1· 5 /Lmol phosphoenolpyruvate, 0'15/Lmol ATP, 0,03 ",mol GTP, 7,5 /Lmoltris-Hel, 5 pJpyruvate kinase suspension (2 U/ /Ll) as well as 14C-Iabelled amino acid mixture, 3H-Ieucine or 3H-histidine (1 ",Ci). The test mixture was incubated for 35 min at 37°C and centrifuged (3600 g, 10 min) after protein precipitation by adding of 2 ml tricWoracetic acid (100/0). Addition of trichloracetic acid and centrifugation were repeated 10 times. After dissolving the protein by addition of Digestin, the incorporated radioactivity was measured using Lipoluma as scintillator solution. The results were related to the protein content of the homogenate, determined with the method of Folin and Ciocalteu (1927) , modified according to Lowry et al. (1951) .
Histological investigations
The skin specimens fixed in buffered formaldehyde solution were embedded in paraffin. Preparations (6-7 pm thick and sectioned exactly in the vertical direction) were stained with hematoxylin-eosin. The sections were examined histopathologically. The thickness of the epidermis was measured afterwards by means of an eyepiece micrometer. The distance from the basal membrane to the stratum corneum was determined. The stratum corneum itself could not be measured, since it was partially or completely 323 tom off during sectioning. Per region 25 measurements were carried out. In addition, the number of nuclei was counted in a 125~m wide vertical area. From these values the ratio cell count/ epidermal thickness was calculated. In back, abdomen and ear epidermis, significant differences (P<O'OI) were observed between 3 day old mice and 1,3 or 9 month old animals
Statistical evaluation
All results were expressed as mean ± so.
Differences between 3 day old mice and older animals were compared using Student's (-test.
Results

Age and sex dependence
Within 4 weeks postpartum, thymidine triphosphate incorporation into DNA and incorporation of amino acids into protein (14C-arninoacid mixture, 3H-Ieucineand 3H-histidine)decreased in the epidermis of tail, back, abdomen and ear ( Table 1 and 2). The changes in the back region were not very prominent. There were no differences between male and female animals. The 9 month old animals showed clearly reduced incorporation rates, compared to 1 or 3 month old mice. In the back, abdomen and ear, the epidermal thickness decreased also age dependently (Fig. 1) 
Circadian rhythms
The leucine incorporation rate showed a circadian rhythm, while the incorporation of thymidine triphosphate into DNA and also the histidine incorporation into protein changed only slightly (Fig. 2) . At the end of the light period (l800 h), peaks of thymidine triphosphate and amino acid incorporation occurred. The end of the dark period was the time of lowest incorporation rates. 
Discussion
Drugs for topical or systemic treatment of skin diseases are tested in vitro using keratinocyte cultures or in vivo in human beings or in laboratory animals (Wrench, 1981; Marks et al., 1983; Zmolek et al., 1983; Lowe et al., 1984; van den Hoven et al., 1987; Hofbauer et al., 1988; Lubach & Kietzmann, 1988a,b; Kietzmann & Lubach, 1989) . Because of differences in the histology and metabolism of the epidermis of different skin regions, the compatibility of results is often poor. To guarantee reproducible results, it is necessary to establish standard conditions for these animal studies. The so-called mouse tail assay, performed in normal haired mice, as well as studies in hairless mice fulfil this demand. Therefore, under standard conditions, the age and sex dependence of epidermal metabolic processes and of histometric data was tested here in NMRImice. While there was no visible sex dependence, a clear age dependent decrease of the epidermal thymidine triphosphate incorporation rate into DNA and of the amino acid incorporation rate into protein was demonstrated in various body regions. Histometrically, a difference was observed between the epidermis of the tail and that of other body areas. Epidermal thickness decreased in the back, abdomen and ear, while the tail epidermis showed only slight changes. Compared to male mice, in female mice a slight increase of the tail epidermis thickness was found. In male and female animals, the ratio cell count/epidermal thickness increased in all regions except the tail. In correlation to the measured changes of the thymidine triphosphate incorporation into epidermal DNA, this demonstrates that the postmitotic life span of keratinocytes in mice, older than 4 weeks, is not the same in different body regions. Compared to epidermis of the back, abdomen and ear, tail epidermis keratinocytes show a longer postmitotic life span. After mechanical or chemical skin irritation, a decrease of the postmitotic life span develops. Also, quiescent cells are activated (Hegazy & Fowler, 1973; Miither, 1988) . Thus, next to region, age seems to be of importance for the epidermal reaction after skin irritation.
As with epidermal thickness, thymidine triphosphate and amino acid incorporation decreased with age in all tested regions. This is a confirmation of the findings of Wad a (1978) and Hamilton (1974) . Wad a (1978) demonstrated an age dependent skin thinning, while Hamilton (1974) found a diminished labelling index in the epidermis. In this ·study, except for the tail epidermis thickness, sex dependent variations were not demonstrated. Bullough (1950) demonstrated sex cycle dependent variations of the mitotic index in female mice. The highest mitotic index was reached at the end of diestrus. A minimum was found in the proestrus.
The thymidine triphosphate incorporation into DNA and the histidine incorporation into protein varied slightly in a circadian rhythm, while for leucine obvious circadian changes were found. In this study, the light/dark cycle was 12L: 12D. Peaks of thymidine triphosphate and of amino Harris and MacKenzie (1982) showed a nearly identical circadian rhythm of the amino acid incorporation into epidermal protein. Pilgrim et al. (1965) demonstrated that the circadian rhythm of the mitotic activity of keratinocytes is influenced by the light/dark cycle. Using the labelling index, they found maximum mitotic activity in the morning, when the room was continuously illuminated. A light/dark cycle 12L : 12D induced a shift. In that study, a maximum activity was found in the dark period.
Studies of the influence of drugs and chemicals on epidermal metabolism and histology have to take into account the described age dependent variations and also the circadian rhythm. Presenting orthokeratotic and parakeratotic regions, the mouse tail epidermis differs from other body regions histologically. Age dependent metabolic changes differ also from that of other body regions. Especially after mechanical or chemical skin irritation, interfollicular parakeratotic regions of the mouse tail epidermis are histologically comparable to human psoriatic epidermis. Therefore, the mouse tail assay seems to be a suitable model to study drugs, affecting the metabolism and histology of hyperkeratotic epidermis under standard conditions.
